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Abstract 

We study the |A/| = 3/2 and [AS"! = 2 amplitudes for hyperon decays 
of the form B — > B'tt at lowest order in chiral perturbation theory. At this 
order, the A/ = 3/2 amplitudes depend on only one constant. We extract 
the value of this constant from experiment and find a reasonable description of 
these processes within experimental errors. The same constant determines the 
AiS = 2 transitions which, in the standard model, are too small to be observed. 
We find that new physics with parity odd AS" = 2 interactions can produce 
observable rates in hyperon decays while evading the bounds from — 
mixing. 



1 Introduction 

The currently available experimental information on hyperon non-leptonic decay am- 
plitudes indicates that the A/ = 3/2 transitions are largely suppressed with respect 
to their AI =1/2 counterparts The actual value of the AI = 3/2 amplitudes is 
rather uncertain. There is an opportunity to improve our knowledge of some of these 
amplitudes in E871, the experiment currently searching for CP violation in hyperon 
decays at Fermilab [@]. 

On the theoretical side, the AI = 1/2 amplitudes have been calculated within 
the framework of chiral perturbation theory (xPT) to next to leading order 0. It is 
known that at leading order it is possible to obtain a good fit to the p-wave amplitudes 
or the s-wave amplitudes but not to both in terms of the two couplings that appear 
in the chiral Lagrangian. At next to leading order there are enough couplings to fit 
all the amplitudes but there is no predictive power. 

In this paper we study the AI = 3/2 transitions at leading order in xPT. At this 
order, there is a unique operator transforming as a (27l, Ir) under chiral rotations, 
and hence we are able to predict the amplitudes in terms of one coupling constant. 
We find that the currently available data (which has large uncertainties) is consistent 
with this description at the two standard deviation level. An improvement in the 
measurements would thus constitute a very useful test of xPT. 

Within the standard model it is possible to relate the AI = 3/2 amplitudes to 
AS = 2 amplitudes in hyperon decays. Using this relation we compute the rates 
for AS = 2 hyperon decays within the standard model. We show that it is possible 
for new AS = 2 interactions to induce hyperon decays at an observable level while 
evading the bounds from — 'K^ mixing. 

In xPT the pseudo-Goldstone boson fields are incorporated via the matrix: 



into the matrix S = exp(z20//^) that transforms as S ^ LJ^K^ under chiral SU (3) l x 
SU{3)ii. The baryon octet is introduced via the matrix: 



transforming as -B ^ UBU'^ . The matrix U is, in turn, defined by the transforma- 
tion properties of ^ = exp{i(f) / f.„) , which under an SU{3)l x SU{3)r transformation 
goes into ^ LS,U'^ = U S,R'^ ■ In terms of these fields one easily constructs the low- 
est order chiral Lagrangian that describes the strong interactions of the baryon and 
pseudoscalar meson octets It is given by: 
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+ i^TiBj.j.i^d'^e - e^^'^e, B} + i^TTBj^j,[^d>^e - e^^^e, B] (3) 

In our normalization /^r ~ 93 MeV, and we use the values of D = 0.80 ± 0.14 
and F = 0.50 ± 0.12 obtained in a lowest order fit to hyperon semileptonic decays 
in Ref. |0, ^. To go beyond leading order in xPT it is more convenient to use a 
formulation in which the baryons are treated as heavy static fields 0]. In this 
paper we do not attempt to go beyond leading order and will use Eq. ^. 

2 |A/| = 3/2 Amplitudes 

Within the standard model the AI = 3/2 transitions are induced by an effective 
Hamiltonian that transforms as a (27l, 1r) under chiral rotations: 

f^eff - -^Kd^us[ ^ )^AI=3/2 + "--C- [V 

The four-quark operator 0{AI = 3/2) is 4 Tj'J^ip'^^'j^ip'-j^ip'l'j^ip'^ , and at lowest order 
in xPT {0{p^)) it has a unique chiral realization in terms of a coupling that we call 
627 given by: 

The short distance Wilson coefficients ci = —0.58, C2 = 1.31 have been calculated 
in Ref. ^ (we follow their notation and take /i = 1 GeV, Aqcd = 200 MeV). The 
nonvanishing components of the tensor T/^ are Ti'^ = T^'l = T^i = T^i =1/2, and 

It is conventional to write the invariant matrix element for the decays Bi ^ BfH 
in the form: 

M = GFmlUf{A + B-i^)U, (6) 

The A amplitudes follow directly from Eq. |, whereas the B amplitudes are obtained 
from the baryon pole diagrams in which Eq. |^ is responsible for a baryon to baryon 
transition combined with pion emission from one of the baryon lines according to 
Eq. ^. We present our results in Table |T|. 

We construct ratios of A/ = 3/2 amplitudes as calculated with the aid of Table |1] 
to AJ = 1/2 amplitudes taken from experiment, and compare with the value of these 
ratios as extracted from experiment in Ref. In the notation of Ref. [|1|, we present 
this comparison in Table 0. 

From the comparison in Table ^ we see that there is qualitative agreement between 
the data and the predictions. For example, the ratios for A amplitudes in A and S 
decays do not occur at lowest order in xPT and are thus expected to be about three 
times smaller than the corresponding ratio in S decays (the typical size of next order 
corrections ms/Mjsf). In the last column of Table ^ we present the fit to 627 from 
the four ratios that do not vanish at leading order in xPT. We see that these values 
are consistent at the two standard deviation level. It is clear, however, that a truly 
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Table 1: Matrix elements of 0^/^3/2 f*^^ nonleptonic hyperon decays in units 772^627- 



Decay mode 




5 


A pn^ 
A nn° 
S+ mi^ 
S+ ^ p7r° 

^ AttO 
^ Att" 





3_ 

2V2 
1 

4 
1 

V2 





1 n A^A+A^JV 
2^3 Ms-Miv 
1 nMA+Mjv 

1 ("jp 1 n'lA^E+Mjv 

4 1-' ^^Ms^-Mn 
1 pMs+MN 
y/2 Ms-Mn 
1 nA^H+A^A 
V6-^Mh-Ma 
1 n AfH+MA 
2v^ A/h-Ma 



quantitative comparison will not be possible until the experimental uncertainties are 
significantly reduced. 

The A/ =1/2 amplitudes calculated in xPT are known to have large corrections at 
next to leading order 0]. We can get a simple estimate for the size of these corrections 
in the AI = 3/2 sector by examining one of the possible next to leading order {0{p)) 

('2Y 1 ") 

chiral realizations of C^X,/i3/2 • choose one that reproduces the factorized current- 
current form that appears in vacuum saturation where all the coefficients are known: 

oTitii'J = <u^nj[m:MB^^)': - {mi7,m:]{^d^^^y, (7) 

This operator gives contributions to the A amplitudes that would be suppressed with 
respect to the leading order ones from Eq. ^ by factors of mg/Mi^ ~ 30% if 627 ~ ^27 
as suggested by naive power counting. Instead we find in vacuum saturation that 
627 = — 8/3/7rM7v/'m^ ~ —12, two to six times larger than our fit for 627- It seems 
likely that next to leading corrections in the A/ = 3/2 sector are as important as in 
the A/ =1/2 sector. With improved experimental accuracy, a next to leading order 
analysis will become necessary to test the predictions of xPT. 

3 lA^I = 2 Amplitudes 

It is possible to relate the coupling responsible for the A/ = 3/2 transitions, 627, to 
the coupling responsible for the AS = 2 transitions within the standard model. This 
is entirely analogous to the relation between the 5-parameter in — K mixing and 
the A/ = 3/2 K+ vr+vrO decay ||]. 

The effective AS* = 2 interactions within the standard model are given by: 

= ^[iV:,V,sfHix,)m% + iV:M'Hixt)m',r^2 

+ 2iV;,VtsV:,V,s)Gix,,Xt)m%]0'^s=2 + h.c. (8) 
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Table 2: Comparison of lowest order xPT predictions and experiment for (A/ = 
3/2) /(A/ = 1/2) amplitude ratios. 



Process 


Theory from Eqs. ^, |^ 


Experiment from Ref. |1]| 


627 


A decay 




-O.OIO627 


0.027 ±0.008 
0.030 ±0.037 


-3.0 ±3.7 


S decay 
As/A, 




-0.029627 


-0.046 ± 0.014 
-0.01 ±0.04 


0.3 ± 1.4 


S decay 

As/A^ 

Bs/B^ 


0.023627 
0.009627 


-0.061 ±0.024 
-0.074 ±0.027 


-2.7 ± 1.1 
-7.9 ±2.9 



The QCD correction factors rji have been calculated in Ref. pf. The lowest order 
chiral realization of the AS* = 2 operator is given by: 

= miuh,T,tm%{mx (9) 

where, in this case, the relevant component of T/^ is T^^^ = 1. 

Since the coupling 627 has been extracted in the previous section we can predict 
the AS* = 2 short distance amplitudes within the standard model. We present the 
matrix elements of C^Asi^^"* Table 0. 

Table 3: Matrix elements of 0^5^=2^^ for AS = 2 nonleptonic hyperon decays in units 
of mlb27. 



Decay mode 


A 


B 


S° pn^ 


1 

1 

1 
V2 


pMs+Mff 

^ M^-Mn 
1 m p\Ms.+MN 

) M^-Mn 



These amplitudes lead to branching ratios of the order of 10~^ , far too small 
to be measured in the foreseeable future. We should point out that there are also 
long distance contributions to these amplitudes obtained with the AS = 1 weak 
Hamiltonian acting twice; they are also unobservably small. 

It is interesting to ask whether it is possible to observe a AS = 2 non-leptonic 
hyperon decay in light of the constraints that arise from — K mixing. This will 



4 



only be possible if the new interaction has a contribution to — mixing that is 
suppressed with respect to its contribution to hyperon decays by at least a factor of 
Gpm\;. This is possible if the low energy effective Hamiltonian for the new AS = 2 
interactions contains only parity odd operators with couplings of order Gp or less. In 
this case the new operators will not contribute directly to — mixing. They may 
induce a long distance contribution (at one-loop), when combined with a parity-odd 
vertex from the AS" = weak interaction. This contribution, however, will be at 
most of the same order as the standard model short distance contribution and the 
new operator is not significantly constrained. On the other hand, this type of operator 
can contribute at the weak level to the s-wave A amplitudes in hyperon decays. One 
such operator at the quark level is 

Cnew = GF^^^d'jf,sd'yf,'-fr,s + h.c. (10) 
a 

The factor anew/<^ parameterizes the strength of the new interactions at high energy 
relative to the electro-weak interactions. As discussed above, if we take anew/o^ < 1, 
there will be no significant constraints from — mixing. 

Under SU{?>)l x SU{?>)r the new operator transforms as a (27^, 1r) — (1^,27/?) 
and therefore we can easily construct its chiral realization in terms of the same tensor 
of Eq. |: 

i^new = ^'^mifM7Tt{m%{mx - {m^eBi)-) + h.c. (n) 

This operator contributes only to the A amplitudes of the decays listed in Table ^ 
due to its parity odd nature. Its matrix elements are just twice those listed in Table || 
for the (27l, 1r) operatoiQ. The branching ratios for these AS* = 2 decays are then: 



E(S°^j97r-) = 0.9 



2 



2 



a 

B{E-^n7T-) = 1.6(^^)' (12) 

The current upper limits B(S^ V^ ) < 1-9 x 10~^ and i?(S~ — nvr") < 4 x 10~^ 
T0| , imply a bound anew/ct < 5 x 10^'^ (we use 627 = —3). It should be possible for 



E871 to improve this bound. 



^ In general the coefficient of this chiral Lagrangian is not equal to 627 due to the mixing of the 
new high energy operator with the standard model operators. However, we expect them to be of 
the same order of magnitude so we write 627 in Eq. ^ for clarity and assume that any difference is 
absorbed into the definition of anew ■ 
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4 Conclusions 



We have computed the A J = 3/2 amphtudes for weak non-leptonic hyperon decays 
at leading order in xPT in terms of one couphng, 627- We find our predictions to 
be in quahtative agreement with experiment, but it will be necessary to significantly 
improve the measurements for a more meaningful quantitative comparison. 

In terms of the constant 627 we predict the rates for AS" = 2 non-leptonic hyperon 
decays and find them to be unobservably small within the standard model. We 
show that a new interaction that induces only parity odd AS* = 2 operators is not 
constrained by — K mixing and may be tested in hyperon decays. 
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